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. Introduction

1.1 Background

Over the years the DARPA research program to develop regional ciscrimi-
naiion procedures has produced numerous advances in our understanding of
the regional phase signais generated by seismic sources. However, the pro-
gress toward determination of reliable discriminants has been slow and there
have been no true breakthroughs. The principal hindrances in this regard
appear to he lack of compleie theoretical understanding of factors affecting
regional phase generation and propagation and inadequate regional phase
data from Soviet events in araas of interest to test the portability of promising
discnmination procedures.

iwo factors suggest that it may now be possible to make significant
improvements to our understanding of regional discriminants as they apply to
Soviet events. Principal among these is the recent availability of high-quality
digital seisrric data from stations within the Soviet Union and in adjacent
border regions. These data are expected to be particularly important for moni-
toring smaller events which would be undetected at most teleseismic stations.
The second actor is the impruvement in theoretical studies. Findings from
such studies are expected to be useful in identifying new, more-powertul
regional discrimination measures which can be tested on relevant event data-
bases both in a controlled environment like the NTS regiorn and in the region
surrounding the Soviet testing areas where the procedures ultimately need to
be applied.

1.2 Research Summary

Research descrihed in this report summarizes the resuits of the first year's
effcrt of a three year program. This program is designed to systematically
evaluate the capability of regional stations to dscriminate underground nuclear
expiosions from earthquakes and non-nuclear explosions for various environ-
ments of int~rest. During the first year of this program, efforts have focused on




empirical studies utilizing regional data from the Chinese Digital Seismic Net-
work (CDSN) in the People's Republic of China (PRC) and the Incorporated
Research Institutions for Seismology (IRIS) stations in the Soviet Union.
These stations prcvide good, strong P, Py, and Ly signals from underground
nuciear explosions at the East K~=akh test sites and earthquakes in the region.

in previous studies we had found that triggered seismic stations of the
CDSN frequently missed the L, signals from Soviet underground nuclear tests.
Only the nearest station, WMQ at Urumchi (R = 960 km), appeared to have
recorded Ly signals consistently from the Soviet events. However, additional
investigation has revealed that CDSN station HIA (R = 2910 km) also records
Ly signals from many of the larger East Kazakh explosions. In addition, review
of the data recorded at the Soviet IRIS stations at ranges between 1380 km
and 2880 km reveals that they also record strong regional signals, in some
cases to magnitudes as low as 4.0 m,, or so. We have found that the regional
signals from such small events can normally be enhanced relative to noise by
band-pass filtering with a center frequency near 1 Hz.

As a follow-up to preliminary analyses of the regional signals at WMQ
which suggested differences in the relative spectral content of L, versus
regional P for expiosions and earthquakes, in the current research we con-
ducted a different spectral analysis with a larger sample of earthquake and
explosion records. The analyzed database included 27 East Kazakh explo-
sions and 32 regional earthquakes. The latter were selected to provide a
variety of propagation paths with epicentral distances which encompassed
those of the East Kazakh explosions. These studies again showed that Ly/P
ratios for regional earthquakes were relatively enriched at high frequencies
compared to similar explosions. Comparison of events with similar magnitudes
indicated that regional P signals appeared to have similar spectral shapes
while the Ly signais were enriched at high frequencies. L /P ratios which were
intermingled at 1 Hz were con ‘letely separated at the one sigma level at fre-
quencies of 2 Hz and greater for the SR explosions ard regional earthquakes.




Of the 27 East Kazakh explosions in the WMQ database, 18 were at
Shagan River (SR) and 9 were at Degelen Mountain (DM). These provided an
opportunity to study differences in the relative signal excitation between the two
source areas. We found fiom our analyses that the regional phase signals
appeared to show different effects than those observed by Nuttli (1987) in com-
paring Ly amplitudes with teleseismic P. In particular, our studies suggest that
the regional P signals are relatively stronger from SR explosions than from DM
explosions with similar Ly signals. This appears to be the opposite of Nuttli's
finding in comparing teleseismic P from the two sites. We also analyzed the
spectral behavior of the P and Ly signals recorded at WMQ from DM versus
SR explosions. These results revealed a tendency for the DM explosions to
have Ly/P spectral ratios which were slightly more earthquake-like (i.e. larger
Ly/P at high frequencies), but not enough for the source site differences to
jeopardize the discrimination capability of the measurement.

An issue which needs further study is the degree to which propagation
path differences might affect the L /P spectral ratios. Since co-located earth-
quake and explosion sources do not exist, we are forced tc compare events
which have somewhat different propagation paths to the available regional
monitoring stations. In principle, such comparisons would be most valid if the
signal measurements were compensated for attenuation differences. To obtain
some insight into these effects, we have made some preliminary computations
of the Q values for L signals propagating from the East Kazakh test sites to
the regional CDSN and Soviet IRIS stations. These Q values were derived
trom an analysis of the Ly magnitude residuals and gave values ranging from a
fow value of 428 for station GAR to a high value of 761 for station OBN.

1.3 Report Organization

The report is divided into six sections including this introduction. Section I
summarizes the regional network used in these studies and summarizes the
general characteristics of the regional signals recorded at the CDSN stations
and the Soviet IRIS stations from East Kazakh explosions and regional earth-
quakes. Section Il provides information on the spectral analyses performed on
the WMQ database and gives the results of the Lg/P spectral ratio measure-
ments. In Section IV we present the results comparing the relative Ly and



regiona!l P excitation for SR and DM explosions. Section V contains the prel-
iminary analysis performed on the Ly magnitude residuals to derive effective Q
values for the paths to the regional stations from the East Kazakh test sites.
Finally, Section VI provides a summary and identifies future research plans.




Il. Database for CDSN and Soviet IRIS Stations

2.1 The Regional Network

As noted in the Introduction, research efforts during the past year under
this contract have focused on analyses of the regional signals recorded at sta-
tions in the CDSN and Soviet IRIS networks. Figure 1 shows the locations of
these stations with respect to the principal Soviet underground nuclear test
sites at Shagan River (SR) and Degelen Mountain (DM). The CDSN stations
range in distance (cf. Table 1) from about 960 km for station WMQ to 4380 km
for the station designated QIO on the map. The distance to the test sites for
the Soviet IRIS stations is between about 1380 km for station GAR and 2880
km for station OBN. As can be seen from the map in Figure 1, the broadest
gap in azimuthal coverage (= 125°) is to the north of the test site. A smaller
gap (= 80°) occurs to the south. However, it should be noted that seismic data
are not currently available from the Soviet IRIS station at IRK or from three of
the CDSN stations designated as ENS, QIO, and SSH on the map; so actual
regional coverage is not as good as it may appear from the station map.

The stations of both the CDSN and Soviet IRIS networks include high-
quality, broad-band three-component systems with digital recording at sampling
rates of 20 samples per second and, for CDSN, also 40 samples per second.
The stations in both networks also include low-frequency elements with lower
sampling rates, but these latter have not been analyzed in the current investi-
gation. An mportant difference between the CDSN and Soviet IRIS recording
systems is that the CDSN is a triggered system while the IRIS stations record
continuously. As a result, the CDSN stations record only those events which
produce ground motion at the individual stations above some signal-to-noise
threshold. This triggering system has been a persistent problem for recording
longer-range regional events since this network first became operational. In
particular, the triggering algorithm is not optimized for detection of Ly signals
from events at ranges comparable to SR/DM. Regional signals from SR/DM
explosions below about 4.8 m, are missed at even the nearest CDSN station
(viz WMQ); and at the distant CDSN stations the trigger algorithm usually




A WMQ

GAR A

Figure 1.

Locations of CDSN and Soviet IRIS stations with re-
spect to principal East Kazakh test sites at SR/DM.
Solid triangles indicate stations from which useful
Lg signals are obtained.




Table 1. Distance From Soviet Test Sites For
CDSN and Soviet IRIS Stations

Station Designation  Distance (km)  Azimuth (°)

WMQ (CDSN) 960 133

GAR (IRIS) 1380 212

ARU (IRIS) 1530 306

IRK*(IRIS) 1780 72

LZH (CDSN) 2530 118

KIV (IRIS) 2800 270

OBN (IRIS) 2880 298

HIA (CDSN) 2910 76

BJI (CDSN) 3100 97

ENS*(CDSN) 3350 120 |
KMI (CDSN) 3440 135 |
MDJ (CDSN) 3800 79

SSH*(CDSN) 4100 105

QIO*(CDSN) 4380 131

*No useful explosion data is available from these stations at this time.




shuts-off, for even the largest SR/DM explosions, prior to the L, signal and, in
most cases, doesn’'t reactivate. Therefore, the analysis of the CDSN data
presented here focuses on two stations, WMQ and HIA, which have frequently
recorded L4 signals from SR/DM explosions. The other CDSN stations nor-
mally record only the regional P phases from SR/DM explosions and occasion-
ally Ly phases from earthquakes nearer individual stations. Analyses of the
latter data will be included in subsequent years of this research effort.

With regard to the Soviet IRIS stations, although the systems are designed
to record continuously, in reality this goal has not always been met during the
initial year or so of network operation. Station down-time has been a recurring
problem particularly at some of the stations. As a result, several SR/DM explo-
sions and regional earthquakes have been missed at various IRIS stations.
Furthermore, during this start-up phase of network operation, instrumentation
and gain levels have occasionally changed and, in some cases, have been
incorrectly reported. This has provided some obstacles to the determination of
absolute ground-motion levels associated with the regionai signals recorded at
the Soviet IRIS stations, but most of these have now been resolved.

2.2 The CDSN Database

The high-quality CDOSN network has been in routine, nearly continuous
operation since late 1986. Over this period the network stations have recorded
numerous underground nuclear explosions from the SR/DM test site. For
analyzing the characteristics of regional signals from these events, we have
found the broadband channels, with a digitizing rate of 20 samples per second,
to be most useful. This band appears adequate to recover the spectral charac-
teristics over most frequencies for which the signal-to-noise level is above 1.0
for the SR/DM explosions. The broadband database is also somewhat more
complete than the short-period band (digitized at 40 samples per second),
which experienced more of the triggering problems described above.

Figure 2 shows the broadband, verical-component records at station
WMQ (R = 960 km) from 27 underground nuclear explosions. Information on
the locations and magnitudes of these explosions obtained from NEIS are
shown in Table 2. Of these 27 events 18 were located at SR and 9 at DM.
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Table 2. Information on SR & DM Explosions
Recorded at CDSN Stations

Date Origin Time  Lat(°N) Lon(°E) Site m, m{ly)-NOR WMQ HIA
03/12/87 01:57:17.2 49.94 78.82 SR 55 5.22 X
04/03/87 01:17:08.0 49.93 78.83 SR 6.2 6.05 X X
05/06/87  04.02:05.6 49.83 78.13 DM 56 - X -
06/06/87  02:37:07.0 49.86 78.11 DM 53 - X -
06/20/87  00:53.04.8 49.91 78.74 SR 6.1 5.97 X X
07/17/87 01:17:07.0 49.80 78.11 DM 58 - X -
08/02/87  00:58:06.8 49.88 78.93 SR 59 5.87 X X
11/15/87  03:31:06.7 49.87 78.79 SR 6.0 5.97 X X
12/13/87 03:21:04.8 49.99 78.84 SR 6.1 6.09 X X
12/20/87  02:55:06.7 49.83 78.00 DM 438 - X -
12/27/87  03:05:04.7 49.86 78.76 SR 61 6.05 X X
02/06/88 04:19:06.3 49.80 78.06 DM 50 - X
02/13/88  03:05:05.9 49.95 782 91 SR 6.1 6.04 X -
04/03/88 01:33:05.8 49.92 78.95 SR 6.1 6.06 X X
04/22/88  09:30:06.9 49.82 78.12 DM 49 - X -
05/04/88  00:57:06.8 49.93 78.77 SR 6.1 6.04 b’ -
06/14/88  02:27:06.4 50.05 79.01 SR 5.0 - X -
09/14/88  04:00:00.0 49.83 78.81 SR 6.1 5.97 X X
10/18/88  03:40:06.6 49.87 78.08 DM 49 - X -
11/12/88  03:30:03.7 50.08 78.99 SR 53 5.26 X -
11/23/88  03:57:06.7 49.82 78.07 DM 53 - X -
12/17/88  04:18:06.9 49.89 78.93 SR 59 5.80 X X
01/22/89  03:57.06.6 49.92 78.83 SR 6.1 5.96 - X
02/12/89  04:15:06.8 49.93 78.74 SR 59 5.79 X X
02/17/89  04:01:06.9 49.87 78.08 DM 50 - X -
07/08/89  03:47:01.9 50.66 78.51 SR 56 - X X
09/02/89 04:17:01.6 50.85 78.94 SR 54 - X -
10/19/89  09:49:59.7 50.47 78.72 SR 6.0 5.79 X X

10




For purposes of associating these events with a particular test site, we have
used the observation that the event locations fall into two clusters with the DM
cluster located about 50 km west of the SR cluster. The events cover a mag-
nitude range from 4.8 to 6.2 m, with many of the smaller magnitude explosions
having locations at DM. East Kazakh explosions with magnitudes below about
4.8 m, apparently do not trigger the detector at WMQ. It can be noted in Fig-
ure 2 that even the magnitude 4.8 my, explosions appear to have large signal-
to-noise levels; and it should, therefore, be possible to detect regional P and L
signals at WMQ from much smalier East Kazakh explosions. Although some
modifications to the automatic detection algorithm at WMQ have been made
over the years and have improved acquisition of East Kazakh explosion data, it
seems clear that continuous recording or changes to the detector couid enable
recovery of much smaller events at WMQ. One or two larger events were also
not recorded at WMQ because the station was down at the time of the events.

As can be seen in Figure 2, the regional P and L, signals at WMQ from
the East Kazakh explosions are strong. The records also show a strong Ry
phase whose dispersion characteristics seem to be remarkably consistent from
event to event but whose excitation relative to the other regional phases
appears to be somewhat variable. This latter observation needs further investi-
gation. We have described the general characteristics of the regional signals
recorded at WMQ in a previous report (cf. Bennett et al, 1983) and won't
describe them further here. In the previous report we also described spectral
analyses performed on the regional P and Ly signals at WMQ from several
East Kazakh explosions. Spectral analyses of the L signals revealed that they
were peaked in a relatively narrow frequency band between 0.3 and 1.0 Hz.
The regionai P waves showed somewhat broader peaks with maxima in the
band from about 0.5 to 3 Hz. We will address the spectral characteristics of
the regional signals at WMQ more fully in the next section of this report.

Our earthquake database at WMQ currently inciudes 32 events. These
are listed in Table 3 and their locations are plotted in Figure 3. The earth-
quakes ranged in magnitude from 4.3 to 5.9 m,. Because the area in the
immediate vicinity of the East Kazakh test sites is generally aseismic, the com-
parative earthquake sample was selected to give events with epicentral dis-
tances which bounded the explosion distance range. In addition, some events

11




Table 3. Information on Earthquakes

Recorded at WMQ

Date Origin Time  Lat(°N) Lon(°E) m, R(km)
11/18/86  13:27:01.0 40.06 77.56 4.7 938
12/14/86  03:19:17.0 47.31 83.31 5.0 517
12/20/86  23:08:16.5 36.75 93.66 53 935
01/05/87  22:52:46.5 41.96 81.32 5.9 560
01/24/87  08:09:21.0 41.53 79.32 5.9 732
01/24/87  13:40:40.0 41.44 79.25 5.2 741
03/05/87  02:33:39.0 35.41 87.39 4.5 935
04/09/87  07:25:35.7 35.50 87.07 4.8 926
04/09/87  20:01:18.0 35.59 80.47 49 1103
04/30/87  05:17:37.0 39.76 74.57 57 1179
06/08/87  13:30:36.0 39.79 74.69 5.1 1169
08/05/87 10:24:21.0 41.36 82.11 4.8 534
09/03/87 09:08:12.0 38.83 75.32 48 1174
09/16/87 17:57:26.4 52.09 85.70 48 1096
09/18/87 21:58:41.0 47.02 89.66 5.3 387
10/06/87  13:06:20.3 43.44 88.55 4.8 81
12/03/87  23:51:43.0 39.54 77.55 4.7 969
12/06/87  16:20:45.2 37.44 94.61 4.7 919
12/17/87  12:17:25.0 41.94 83.20 5.1 423
12/22/87  00:16:39.0 41.36 89.64 5.9 317
01/02/88  22:02:36.0 40.06 77.34 49 954
01/09/88  03:55:05.3 39.09 71.50 5.4 1449
02/08/88 17:49:19.8 43.73 83.76 4.3 317
03/25/88 02:07:56.0 44.71 79.60 4.5 654
04/01/88 01:27:16.2 47.53 89.65 4.6 439
05/02/88 02:13:26.0 40.26 82.20 4.9 603
05/25/88  00:05:23.0 40.57 77.62 4.9 807
05/25/88  18:21:58.0 42.01 85.69 5.2 259
06/17/88  13:30:45.0 42.94 77.50 53 832
06/30/88  15:25:15.5 50.23 91.14 5.0 759
07/23/88 07:38:09.0 48.72 90.51 55 586
11/15/88  16:56:45.9 42.08 89.40 5.0 238

12
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at smaller and larger ranges from WMQ were selected to enable a more com-
plete analysis of attenuation and other path-dependent effects for the region.
As a result the earthquakes cover an epicentral distance range from about 80
km to 1450 km. The earthquakes recorded at WMQ typically show strong Ly
signals which, in most cases, are larger than the frequently emergent P
phases. Some of these characieristics, based on a smaller data sample, were
described in our previous report (cf. Bennett et al., 1989) and examples of the
observed signals were presented. In Section il of this report, we describe the
results of spectrai analysis performed on the regional earthquake signals
recorded at WMQ and identify diagnostic differences in the signal behavior
between the earthquake and explosion samples.

Figure 4 shows the broadband, vertical-component records at station HIA
(R = 2910 km) from 12 SR underground nuclear explosions. Information on
the locations and magnitudes of these explosions is presented in Table 2
above. The events recorded at HIA cover a very limited range of magnitudes
between 5.6 and 6.2 m,. Smaller magnitude explosioiis at the East Kazakh
test sites apparently do not trigger the detector. From the broadband -ecord-
ings in Figure 4, it appears that the magnitude 5.6 event has a signal-to-noise
level of about 3:1. Some enhancement of the recording capability at HIA for
East Kazakh explosions again might be achieved by continuous recording or
modifying the triggering algorithm, but the signal-to-noise level suggests that it
may not be possible to push the threshold at HIA below about magnitude 5.0
my. It should also be noted in Figure 4 that the records of earlier explosions
obtained trom HIA consist of interrupted P and Ly segments. The interveninn
trace dead time cotresponds to a time interval during which the automatic
detector shuts oft before retriggering on the L arrival. This problem appears
to have been corrected for the more recent explosions producing the continu-
ous records shown for the bottom five events.

The SR explosion records obtained at HIA in Figure 4 show relatively
strong L, signals following a relatively weak P phase. The relative phase
characteristics are observed t0 be very consistent from event to event. The Lg
window includes a higher-frequency segment followed by a dispersed packet of
low-frequency energy apparent on most records. Typical P and Lg spectra for
SR explosions at HIA are shown in Figure 5. As with the WMQ signals, the Ly
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spectra at HIA are sharply peaked at a frequency less than 1 Hz (viz between
about 0.3 and 0.8 Hz). There is some evidence of a secondary peak in the L,
spectra at a somewhat higher frequency (around 4 Hz); but the signal-to-noise
level in this band is low and the peak could be related to noise. The L, spec-
tra are generally at or near the noise level for frequencies of 2 Hz and higher.
The regional P-wave spectra from the East Kazakh explosions recorded at HIA
are peaked at a higher frequency (around 1 Hz) than the L. Furthermore, the
P-wave spectra are somewhat broader than the L, with relatively more energy
at frequencies above 1 Hz. One peculiarity of the L signal spectrum for the
September 14, 1988 explosion at SR is its failure to return to the noise level at
high frequencies. We are attempting to ascertain whether this is somehow
related to the signal processing, but most obvious causes have been elim-
inated.

2.3 The Soviet IRIS Database

The network of Soviet IRIS stations began operation in September, 1988.
As noted above, the operation of individual stations in the network has been
somewhat sporadic during the initial start-up phase. This has resulted in a
failure to record several explosions at the East Kazakh test sites because sta-
tions were not operating at these times. Nevertheless, excellent regional
seismic records have been obtained from several Soviet IRIS stations starting
with the Soviet JVE shot on September 14, 1988. Figure 6 shows the avail-
able vertical-component records obtained from nine explosions through July,
1989. Two additional explosions since that time are in the process of being
installed into the CSS database. Table 4 shows the location and magnitude
information on the nine explosions. Seven of the events were located at SR
and two at DM. The magnitudes range from 3.8 to 6.1 m,. The smallest event
magnitude (viz 3.8 m,) was estimated by Hansen et al. (1990) based on NOR-
SAR m, measurements with a bias correction applied to adjust to a large,
global-network my. All nine of the explosions were recorded at ARU, and only
one other Soviet IRIS station (viz GAR) recorded more than halt of the events.
This is not a detection problem; the missing stations were simply not operating.

As can be seen in Figure 6, the Soviet IRIS stations generally record
strong, rather complex regional P phases and equally streng Ly on these
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Table 4. Information on SR & DM Explosions
Recorded at Soviet IRIS Stations

Date Origin Time  Lat°N) Lon(“E) Site m, my(ly)- NOR GAR ARU KV OBN
09/14/88  0400:000 4983 7881 SR 6.1 5.97 x X X x |
09/26/88° 07:45:000 4990 7800 SR 38 - . X

10/1/88  03:.40.066 4987 7808 DM 49 . X x . -
1112588  03:30:03.7 5008 7899 SR 53 5.26 X X . -
12/17/188  04:18:069 4989 7893 SR 59 5.80 - x x
01/2289  0357:066 4992 7883 SR 6.1 5.96 x ;

021289  04:15:068 4993 7874 SR 59 5.79 . X

02/17/89  0401:069 4987 7808 OM 50 . x p

07/08/89 0347019 5066 7851 SR 56 . x x x

intormation on this event is from Hansen et a/. (1990); the location and origin time are approxi-
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broadband systems. The only exception with regard to L, is station KIV for
which the propagation path from the East Kazakh test sites crosses the north-
ern Caspian Sea, which has previously been recognized as blocking Ly propa-
gation (cf. Piwinskn and Springer, 1978, Bennett ot al,, 1981). The Ly signal at
KIV in the records of Figure 6 appears to be at the P-coda level and indistinct.
In contrast, Ly signai levels at the two nearest IRIS stations (ARU and GAR)
from East Kazakh explosions are particularly strong for even small magnitude
events. Although this observation may not be immediately obvious from the
broadband records in Figure 6, we will show later that even the five records
from the smaller magnitude events at the bottom of the figure have signal-to-
noise levels well above 1.0 over some frequency bands.

Spectral analyses were performed on waveform segments corresponding
to P, L,, and pre-P noise for each of the records in Figure 6. Examples of the
spectra for two explosions at each station are shown in Figures 7 and 8. The
analyses revealed that the energy in the Ly spectra is concentrated in a narrow
frequency band which peaks at a frequency less than 1.0 Hz. The P-wave
spectra at the various Soviet IRIS stations are generally much broader and
remain above the noise level to higher frequencies. The noise spectra them-
selves show a null at a frequency near 1 Hz. This seems to be fairly con-
sistent between all stations and events. The noise spectra reach a peak at a
somewhat higher frequency before declining again above 5 Hz, as the
antialiasing filter in the IRIS recording system takes effect. The spectral
behavior of the P and Ly signals at the Soviet IRIS stations is in general con-
sistent with what would be expected from an attenuation model; spectral decay
with frequency above the peak values is more rapid at the more distant sta-
tions because of higher attenuation. As a result of this attenuation, the L sig-
nals in particular are dominated by low frequencies at the more-distant sta-
tions. It can be seen from the spectral plots in Figure 8 that the Ly signals at
OBN and KIV have low signal-to-noise levels above about 2 Hz for even large
explosions at the East Kazakh test sites. It is apparent from this observation
that to resolve high-frequency characteristics of regional Ly signals from most
Soviet underground nuclear explosions will require regional stations at ranges
much cioser than those of OBN and KIV (i.e. R << 2900 km). The regional P-
wave spectra in Figure 8 indicate a somewhat broader band of useful frequen-
cies. For the P-wave windows signal-to-noise levels are greater than 1.0 to
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frequencies of 5 Hz or more at the more distant stations and to 10 Hz at the
two nearer stations.

One cleai result of the spectral analyses of the regional signals from East
Kazakh explosions measured at Soviet IRIS stations is that the signal-to-noise
level is maximum at a frequency of about 1 Hz for both Ly and regional P.
Although this frequency range may vary slightly from station to station and may
be somewhat less for Ly (ct. Figure 8), the observation suggests that useful
regional signals can be extracted from the background noise by bandpass
fitering at a frequency of about 1 Hz. This is illustrated in Figure 9 where we
have applied a narrow band-pass filter with corners at 0.8 and 1.6 Hz to the
ground motion time histories recorded at station ARU for several underground
nuclear tests at the East Kazakh test sites. The events shown ranged in mag-
nitude from 6.1 my to 3.8 my. The raw, unfiltered traces are shown on the left
and the filtered traces are on the right. It can be seen that, for the magnitude
6.1 and 5.9 explosions, the signal-to-noise level is good prior to application of
the filter. For these events the filter reduces some of the longer- period energy
arriving late in the Ly or at the beginning of the Ry, windows. For the magni-
tude 5.3 m, explosion, the signal is visible in the raw, broad-band record in
spite of rather strong lower-frequency noise. The signal appearance is greatly
enhanced by the filtering operation. The signal-to-noise improvement is even
more dramatic for the three smalier-magnitude events. The raw traces for the
magnitude 5.0 and 4.9 m, explosions show little evidence of signal except for a
few higher-frequency segments. When filtered these high-frequency segments
are greatly enhanced and revealed to be clear regional P, S, and L, signals.
The smallest magnitude explosion for which Soviet IRIS data are available was
estimated tc have a magnitude of 3.8 my by Hansen et al. (1990). Though the
magnitude of this event is somewhat questionable, since it was based on a sin-
gle amplitude measurement, it seems unlikely from the relative amplitude of the
Lq that this explosion had a magnitude much greater than 4 my,. For this mag-
nitude 3.8 event, the raw trace, on the left in Figure 9, shows very little evi-
dence of signal. The filtered trace on the right, however, shows L signals with
amplitudes more than three times the noise level. The regional P signal for
this explosion, however, is not much bigger than the ambient noise even after
fitering. We performed similar analyses on the records at GAR for the lower-
magnitude explosions in Figure 7 and found that they also showed clear
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regional signals when bandpass filtered at about 1 Hz.

During the first year of this contract, we have recovered only a small
amount of earthquake data recorded at the Soviet IRIS stations. Soviet IRIS
stations GAR and KIV are located in active seismic zones along the southern
Soviet border region and have recorded numerous local events. However, in
our discrimination efforts we have attempted to focus on earthquakes which
are similar in magnitude or have comparable paths to the available explosions
in the database. These restrictions severely limit the available data and may
need to be relaxed to increase the database of regional signals from natural
events recorded at the Soviet IRIS stations.

Two prominent sources of regional signals from larger earthquakes, with
magnitudes comparable to Soviet underground nuclear explosions, during the
relatively recent operating history of the IRIS stations have been the 12/07/88
earthquake in Armenia and its aftershocks and also several larger earthquakes
in the Pamir-Hindu Kush region. We have recovered Soviet IRIS station data
for some of these events. lnitial indications are that the earthquakes produce
strong L signals which frequently have larger amplitudes than the regio:.al P
phases on the 20 samples per second channels at the IRIS stations. In
several cases the dominant frequencies of the Ly signals from these earth-
quakes appear to occur at lower frequencies than comparable explosions.
This is particularly true for some of the larger-magnitude earthquakes. |t
should be noted, however, that the propagation paths for these events are also
different than for the explosions. In future analyses we plan to take into
account such propagation differences and make appropriate adjustments for
attenuation effects which could aiter the spectral content of the regional P and
L, signals. In these analyses we hope to incorporate a much larger sample of
regional earthquakes recorded at all the available Soviet IRIS stations which
will permit more complete investigation of path effects.
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Ill. Analyses of Spectral Differences Between
Explosions and Earthquakes Recorded at WMQ

3.1 Objectives of Discrimination Analyses

The primary goal of this research program is to develop reliable regional
discrimination procedures which can be applied to identify seismic events in
the Soviet Union. The focus of our studies to date under this contract has
been empirical observations and analyses of the characteristics of regional
phase signals from Soviet underground nuclear explosions and comparable
earthquakes recorded at high-quality digital seismic stations in the regional dis-
tance range. Such data are likely to be extremely important to the
identification of small events under a low-threshold testing limit. Over the
years several time-domain and spectral measures of seismic signals have
been proposed as potential regional discriminants (cf. Blandford, 1981;
Pomeroy et al.,, 1982). However, these regional discrimination techniques have
not been completely reliable; and, furthermore, capability to extend the tech-
niques to aseismic regions of the Soviet Union (inciuding the principal Soviet
test sites in East Kazakh) has not been demonstrated. The latter situation is
partly due to limitations on our theoretical understanding of regional phase gen-
eration (particularly for explosion sources) and a lack of high-quality seismic
data at regional distances from events in the Soviet Union. It is only recently
that such data have become available with the advent of the CDSN stations in
China and the even more recent installation of the Soviet IRIS stations. In a
previous report (cf. Bennett et al, 1389) we presented preliminary results
describing general characteristics of the regional signals measured at a
selected CDSN station, WMQ, from explosions at the East Kazakh test sites
and nearby earthquakes. We also presented a band-pass filter analysis of
those data which indicated diagnostic differences in the relative amplitudes of
the Ly and regional P phases at certain frequencies from explosions and earth-
quakes recorded at WMQ. in the current study we have attempted to follow-up
these observations with more thorough spectrali analyses which were per-
formed on a larger data sample.
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3.2 Preliminary Observations of Spectral Behavior

CDSN station WMQ is the nearest station to the principal Soviet test sites
a. East Kazakh for which high-quality digital data are routinely available. As
pointed out in the preceding section of this report, WMQ records strong
regional P and L, signals from Soviet underground nuclear tests at East
Kazakh (R = 960 km) and also from earthquakes at epicentral distances which
encompass the range to the East Kazakh test sites. The instrument response
for the WMQ records used in our analyses were broadband, and we applied
different narrow band-pass filters to derive Sq,4/Pmax @and Ly/Pmay ratios as a
function of frequency. Figure 10, taken from our previous report, shows
Smax/Pmax ratios measured from the raw broadband vertical-component records
for a sample consisting of 12 East Kazakh explosions and 20 nearby earth-
quakes. The earthquakes were basically a subset of those shown above in
Figure 3 and Table 3 with magnitudes between 4.5 and 5.9 m, and ranges
between 423 and 1176 km. The earthquakes were located mainly along the
southern Soviet border, so that their paths to WMQ were somewhat different
from those of the explosions. This raises some concern about the effects of
dissimilar paths on the signal measurements. Nevertheless, the resuits indi-
cated a fairly large separation by about a factor of four, on average, between
explosions and earthquakes with the explosion ratio being much smaliler. A
few anomalous events at lower magnitudes had S.,,,/Pnax ratios which were
intermingled between earthquakes and explosions.

The bandpass filter analyses were performed to explore this observation
more fully and possibly to increase the separation between the two source
types. Figure 11 shows the results of the preliminary analyses which were
applied to 10 East Kazakh explosions and 13 earthquakes. The Ly/Pp,, ratios
determined from the filtered data for explosions and earthquakes are observed
to be intermingled at filter center frequencies of 1 Hz and lower but separated
in all cases above 3 Hz. The average Lg/Pn ratio was found to be only about
30 percent larger for earthquakes than for explosions in the low-frequency
passband. However, the explosion ratio fell off much faster toward higher ftre-
guencies and, as a result, was about a factor of ten smaller than the average
earthquake ratio at high frequencies. We concluded that care needed to be
exercised in dealing with regional discriminants which rely on signal ditferences
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in limited frequency bands. Some recording systems may have responses
which are too narrow to resolve the differences. For example, a system with a
relatively narrow response peaked near 1 Hz, such as WWSSN, might not see
the differences in the Ly/Py,,, ratios which were found. This might be an expla-
nation why Ly/Pn,, ratio observations have not always provided reliable
discrimination of explosions and earthquakes.

3.3 Further Spectral Analysis of WMQ Data

In the current study we performed an alternate spectral analysis on the
regional P and Ly signals from a larger sample of East Kazakh explosions and
earthquakes recorded at WMQ. Instead of narrow band-pass filtering, discrete
Fourier transforms were computed for the regional P and Ly signals; and spec-
tral ratios were derived from those. For these analyses we used the vertical-
component signals which were described in Section Il. As can be seen in Fig-
ure 2 above, the regional P signals from East Kazakh explosions recorded at
WMQ are quite complex with apparent muiiiple phases of approximately
equivaient amplitudes on the broadband recordings. The earthquake P
phases, although normally smaller and more variable, were also seen to be
complex in most distance intervals apparently indicating multiple P paths in the
crust and upper mantle.

From the WMQ data identified in Tables 2 and 3 above a sample of 19
East Kazakh explosions and 27 regional earthquakes were analyzed. The
earthquakes were chosen to provide a distance range which encompassed the
distances from WMQ to the East Kazakh test sites, but several different
azimuths are represented in the data sample. It was anticipated that, by allow-
ing these kinds of variations in propagation path, bias associated with particular
paths could be avoided or at least diminished. We aiso performed some prel-
iminary tests on the P-wave window length in an attempt to estabiish a stable
measurement scheme. Pre-P noise spectra were also calculated for each
record to verify the frequency range over which the individual phase spectra
and the corresponding ratios could be considered valid.

The initial P-wave arrivals were timed using a phase picker based on the
Stewart-Allen algorithm (cf. Allen, 1982). The automatic picks were then
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verified by the analyst. The data were of sufficiently high quality that the
automatic picker failed to find the correct P-wave arrival time for only one
earthquake. Time marks were placed on the records corresponding to the P-
arrival times and to the group velocity interval between 3.5 and 2.9 km/sec,
which includes most of the Ly energy for these events. The pre-P noise time
segment was defined as being from 1 second before the initial P arrival to 30
saconds before that time. In cases where the P arrival occurred less than 30
seconds after the record stan, the noise window was taken from the beginning
of the record.

In order to avoid spurious high-frequencies, each window was tapered
using a Hanning window applied over 5 percent of each end of the time seg-
ment. The discrete Fourier transforms were then calculated for each window
producing amplitude and phase spectra. The spectra were not always con-
sistent in length or frequency spacing because of the varying sizes of the time
windows, so they were all resampled to 120 evenly spaced frequencies using
the interpolation method of Wiggins (1976). The spectra were then convolved
with a boxcar function 10 points wide to provide some smoothing. All spectral
ratios were calculated using these resampled, smoothed spectra.

3.4 Comparison of P-Wave Windows

As pointed out above, the regional P-wave signals recorded on the broad-
band records at WMQ from East Kazakh explosions and regional earthquakes
are frequently complex. The vertical-component records in Figure 2 above for
East Kazakh explosions show two or three distinct regional P phases rising
above the general P coda level. To test the sensitivity of the spectral meas-
urements to the P-wave window, we analyzed the P-wave signals for two
different windows, both starting 1 second prior to the detected P arrival. The
short P-wave window extended to 10 seconds after the P arrival and the long
window to 25 seconds after the P arrival. The short window included mainly
the energy in the first distinct P phase seen in the explosion records of Figure
2 above. The long P window appears to include most of the P-wave energy
seen on these records.
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Figures 12 and 13 show the analyses performed on the P-wave signals for
two East Kazakh explosions: one at SR (viz 03/12/87) and one at DM (viz
05/06/87). The expanded playouts of the P phases at the tops of each figure
illustrate the complexity of the regional signals. Several arrivals are apparent
in the first 25 seconds of the signals. One interesting feature in comparing Fig-
ures 12 and 13 is that the initial P for the DM event appears to have a some-
what lower predominant frequency, even though the events have similar body-
wave magnitudes (viz 5.5 for the 03/12/87 explosion and 5.6 for the 05/06/87
explosion). We will address difterences in the regional signals between SR
and DM events more completely in @ subsequent section of this report.

The plots in the lower left corners of Figures 12 and 13 show the spectra
computed for these events. Spectra are shown for both the short and long
regional P windows, the Ly windows and the noise. In addition, the lower solid
line shows the ratio of the spectra for the short P-wave window to the long win-
dow. First, it can be noted that the signal spectra generally lie well above
noise over the entire band of frequencies plotted here. It should be pointed out
that the instrument response has not been removed from the spectra
presented in this section. Focusing on the P-wave spectra, the short- and
long-window spectra are seen to match quite closely at high frequencies; but
the short-window spectra fall below the long-window spectra at frequencies
less than about 3 Hz. Thus, the general tendency is for the long-window spec-
tra to have higher values than the spectra for the shorter P-wave windows.
For the 05/06/87 DM event the difference between the shont- and long-window
P-wave spectra is seen as a steady decline in the short-window to long-window
ratio. For the 03/12/87 SR event, the short-window P spectrum is most
severely depleted relative to the long-window P spectrum at specific frequen-
cies (viz between 1.0 and 2.0 Hz).

The lower right-hand plots in the figures show the effects on the LyP
spectral ratios. As would be expected from individual spectral observations,
the Ly/P ratios for the short P-wave windows fall below those obtained for the
longer P-wave windows over most of the frequency band from 1.0 to 8.0 Hz.
This tendency appears to be the same for events at both the SR and DM test
sites.
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In the subsequent analyses we have used only the longer (viz 25
seconds) P-wave windows. The main effect on the Ly/P ratios presented
below of using the long versus the shont window is expected to be an overall
decrease in the ratio. Although we would not expect this effect to change too
drastically from event to event, there is some evidence from the studies just
described that some differences with frequency could occur between events at
different sites. This problem will require further study.

3.5 L4/P Spectral Ratios

Lg/P spectral ratios were computed for the 19 East Kazakh explosions and
27 regional earthquakes in the WMQ sample. Figures 14 through 18 show the
results of the processing performed on three SR explosions and two regional
earthquakes. Comparing the spectra for the explosions, the shapes appear
remarkably consistent over the magnitude range from 5.0 my, to 6.1 m,, covered
by these events. In all cases the regional P spectra show a relatively flat por-
tion extending from 0.8 Hz to more than 3 Hz. Above 3 Hz the spectra show a
steady, rapid decline. The L, spectra for the same explosions show a less
rapid but steady decline over the entire frequency range plotted, with ampli-
tudes falling below the regional P spectral level between 1.0 Hz and about 2.0
Hz. The regional P and Ly spectra for the two earthquakes also have roughly
similar shapes (cf. Figures 17 and 18) even though the two events are at
somewhat different ranges. The regional P spectra again show a nearly flat
portion from 0.8 Hz to about 3.0 Hz followed by a rapid decline toward higher
frequencies. The L, spectra show a steady decline starting at low frequencies
and extending to 4 Hz or so before decreasing much more rapidly at higher
frequencies. In contrast to the explosions, the Ly spectra for the earthquakes
do not reach the P-wave spectral level until a frequency of 5 Hz or more.

Perhaps more interestingly, comparing the earthquake and explosion of
equivalent magnitude (viz the 12/14/86 and the 06/14/88 events), the regional
P-wave spectra for the two events match very closely even though the ranges
are again quite different. In contrast, the Ly spectrum for the earthquake has
much more high-frequency energy. It needs to be emphasized, however, that
it is unclear to what extent attenuation differences because of the different
ranges and paths may affect this observation. Next, comparing the spectra for
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the 5.3 my, earthquake (06/17/88) and the 5.5 m, explosion (03/12/87), the
regional P-wave spectra are again seen to match quite closely between the
two events. However, the earthquake Ly spectrum is roughly a factor of ten or
so larger than the corresponding Ly spectrum from the explosion. The biggest
difference between the Ly spectra for these two latter events appears to occur
at a frequency of about 4 Hz. In general, then, the L, spectra for the regional
earthquakes appear to be richer in high frequencies than those from the SR
explosions with comparable regional P spectra recorded at WMQ.

This result is also apparent in the Ly/P spectral ratios computed for these
events and plotted in the lower right portion of the figures. The explosion
spectral ratios are observed to drop off precipitously from very high vaiues at
frequencies near 1 Hz to values about a factor of 40 lower above about 3 Hz.
The earthquake Ly/P spectral ratios, on the other hand, start out at values near
ten or so which are only slightly larger than the explosion ratios. However, the
earthquake ratios decrease by only about a factor of ten within the frequency
range shown. Thus, these results indicate that Lg/P spectral ratios for the
earthquakes are relatively enriched at high frequencies compared to the explo-
sions recorded at WMQ.

The Ly/P spectral ratios from the 11 Sk explosions were averaged and the
standard deviation computed assuming a log-normal distribution. Similar
averaging was performed on the 8 DM explosions and the 27 regional earth-
quakes. Figure 19 presents the Ly/P spectral ratio averages for the SR exgio-
sions and the earthquakes. Differences between the SR and DM explosion
ratios will be described in the following section of this report. As was observed
for the individual ratios presented above, the average Ly /P ratios for earth-
quakes and explosions appear to be indistinguishable at frequencies near 1
Hz. However, the average explosion spectral ratio is seen to drop off by neary
two orders of magnitude toward higher frequencies ( = 6-7 Hz). Over the same
interval the average Lg/P ratio for the earthquakes decreases by only about
one-half order of magnitude. As a result, the Lg/P ratios are well separated at
high frequencies. From the plots of the mean plus and minus one standard
deviation in Figure 19, we see complete separation of the earthquake and
explosion Ly /P spectral ratios above about 2 Hz. At higher frequencies the
ratios are separated even further.
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These observations support our findings, from the band-pass measure-
ments, that Ly/P spectral ratios for earthquakes are farger at high frequencies
than for similar explosions recorded at WMQ. These lates. analyses confirm
the same results for larger samples of both explosions and earthquakes. It
should ailso be noted that these observations appear to be consistent with our
previous findings (cf. Murphy and Bennett, 1982; Bennett and Murphy, 1986)
for nearby explosions and earthquakes in the western U.S. In particular, it
was found there that the earthquake L, signals were relatively enriched at high
frequencies while the regional P spectra from the earthquakes and explosions
appeared to have quite similar shapes. In the following section of this repor,
we show results that indicate that differences in the L /P ratios between SR
ard DM explosions are inadequate to diminish the apparent discrimination
capability of this measurement. The one outstanding problem appears to be
the effects of regional path differences on the explosion anc earthquake sig-
nals propagating to WMQ. Since we cannot identify co-locatecd :arthquakes
and explosions in the areas of interest, the best approach to handling these
factors appears to be by compensating for attenuation differences. To achiave
this objective a better understanding of attenuation effects on regional P and L
signals for regions of interest in and around the Soviet Union will be required.
Resuits of some initial investigations toward this objective are presented in
Section V! of this report. In future work we will be performing similar analyses
on regional signals recorded at other high quality digital stations, including the
Soviet IRIS stations, and trying to develop a better theoretical understanding of
the Ly/P spectral ratio behavior.

43




IV. Comparison of Shagan River and Degelen
Mountain Explosions Recorded at WMQ

4.1 SR and DM Bias Differences

Application of regional phase signal measurements to discrimination and
yield estimation has been hampered over the years by the lack of theoretical
understanding of he excitation of these signals by explosion and earthquake
sources. Of particular interest in this regard is whether different test sites pro-
duce different regional phase signals from otherwise comparable events. In
proposing that L, magnitudes could be used to estimate the yields of under-
ground nuclear explosions, Nuttli (1986a,b) argued that explosions with
equivalent energy release (i.e. yield) should produce Ly signals with equal
amplitudes near the source. Thus, the Ly magnitude should provide a measure
of explosion yield independent of the test site where the event occurred. Nuttli
based this conclusion on a small number of explosions with announced yields
in hard rock at a few diffe.ent test sites.

Nuttli further suggested that observations of the differences between L,
magnitude and teleseismic m, from different test sites could be related to
attenuation of the teleseismic P waves in the upper mantle under the test sites.
Thus, the difference between L, magnitude and m, should measure the telese-
ismic my, bias of the test site. Nuttli (1986a,b) determined the test site biases
for NTS and SR to be -0.31 and 0.036, respectively. Furthermore, Nuttli
(1987) estimated the bias for DM to be 0.27. The large difference in biases
between SR and DM was surprising considering that the two test sites are
separated by only about 50 km. Based on this result Nuttli (1987) concluded
that either P-wave amplitudes from DM explosions are 1.9 times larger than
SR explosions or Ly amplitudes are 1.9 times smaller for DM explosions. To
obtain additional insight into this nroblem, we have analyzed the behavior of
the regional P and L signals recorded at WMQ from SR and DM events.
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4.2 Regional Waveform Comparisons

As noted above in Section Il, our database of explosions recorded at
- WMQ includes 18 SR explosions and 9 DM explosions. We presented the
vertical component records at WMQ for all of these events above in Figure 2.
Figure 20 shows three examples from each test site on a somewhat expanded
scale for comparison. The selected events from each test site have roughly
comparable magnitudes between 4.8 and 5.9 m,. The records in Figure 20
appear to show nearly the opposite behavior to that observed by Nuttli. In par-
ticular, the regional P phases from the DM explosions are in all cases smaller
than the Ly, whereas the regional P phases from the SR explosions are larger
than the L,. One of the main differences appears to be the large, relatively
high-frequency, initial P phase for the SR explosions which is not apparent for
the DM explosions. One explanation, consistent with Nuttli's observations,
might be that for SR explosions some of the high-frequency energy normally
contributing to teleseismic P is being trapped in the regional P waveguide; but
several other possible explanations also need to be evaluated.

Figure 21 shows comparisons of the regional P and L signal levels at the
two East Kazakh test sites for all 18 SR explosions and the 9 DM explosions
as measured at WMQ. The plot presents the logarithms of the maximum P
amplitudes measured from the broadband records versus the logarithms of the
maximum Ly amplitudes also measured from the broadband records. The data
show considerable scatter and some intermingling but are separated on aver-
age. Regression lines were fit to each data set. These are described by

log P(max) 0.744 log Lg(max) + 0.909

for SR and

log P(max) 0.899 log Lg(max) + 0.147

for DM. Within the range of overlap of the Ly amplitude measurements, the
maximum regional P-wave amplitudes are separated by from 0.2 to 0.4
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Figure 20,

Snagan River Explosions

06/l4/88 ™, 5.0

09/02/89 ™ 5.4

08/02/87 m, 5.9

A

100 sec

Degelen Mountain Explosions

04/22/88 ™ 4.8

11/723/88 m 5.3

07/17/87 ™, 5.8

WMQ R =~ 960 km

Examples of WMQ records from similar magnitude
nuclear tests at SR and DM. .
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Figure 21,
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Regional P versus Lg maximum amplitude levels
for SR and DM explosions recorded at WMQ.
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magnitude units on average between the two test sites. As with the examples
shown above, the regional P phases from the SR explosions for the total sam-
ple appear to be on average a factor of about two larger in amplitude than
regional P phases from DM explosions which have comparable L, amplitudes
at WMQ. It should be noted that the standard deviations of the measurements
relative to these regressions are large. It is aiso interesting that the regression
lines tend to converge at larger amplitudes (i.e. larger magnitude), but this is to
a large measure controlled by the single larger amplitude observation at DM
which is intermingled with the SR data points.

4.3 Spectral Comparisons

We computed spectra for the initial P and Ly windows at WMQ from com-
parable magnitude SR and DM explosions, whose time histories were
presented above in Figure 20. These are shown in Figure 22. In computing
these spectra we used a short window (viz 12.8 seconds) including the initial P
and a long window (viz 102.4 seconds) which encompassed nearly all the L,
energy. The time histories were tapered and the spectra smoothed using a
running average. The instrument response for the WMQ broadband instrument
was also removed prior to plotting the spectra in Figure 22. Aside from some
minor fluctuations at certain frequencies, the L, spectra appear to be quite con-
sistent between the comparable SR and D\ ~xplosions. Although the L4 spec-
tra for the DM explosions in both cases tan slightly below those for the SR
explosions at a frequency near 1 Hz, this difference might be explained by the
slightly lower magnitudes of the DM events. The differences in the regional P-
wave spectra between the SR and DM events cover a broader range of fre-
quencies and are generaily larger. The latter differences probably cannot be
explained by the small magnitude differences between the compared events.
The observations suggest that the regional P waves from the SR explosions
are enhanced over a broad range of frequencies relative to DM explosions with
comparable L signals.

Spectral analyses were also performed on a larger sample of 11 SR and 8
DM explosions using the same procedures as those described in Section il for
determining Ly/P spectral ratios. Figures 23 through 26 show the results of
these analyses performed on two SR and two DM underground nuclear
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explosions with similar magnitudes in the range 5.0 to 5.5 m,. The ground
motion records, shown at the top of the figures, indicate the same tendency
noted above with relatively larger regional P phases for the SR events versus
DM events with comparable L, signals. The resuits presented for the regional
P spectra in Figures 23 through 26 correspond to a longer P-wave window (viz
25 seconds long and beginning 1 second prior to the initial P markers shown
superimposed on the waveform traces). The L, windows covered a group
velocity range from 3.5 to 2.9 km/sec, indicated by the later markers, and
clearly include most of the Ly energy. Although some additional Ly energy is
seen to arrive after the end of the defined windows, we experimented with win-
dows which included this energy also and found that the choice of the Ly win-
dow bounds made little difference in the spectral shape or level. The windows
were tapered; discrete Fourier transforms were then computed and resampled
and smoothed to provide equivalent frequency spacing for the regional P and
L, signal spectra. Finally, Ly/P spectral ratios were computed at each fre-
quency.

The spectra in Figures 23 to 26 appear remarkably similar from event to
event. In particular, over the frequency band shown in these figures, the L
spectral shapes can be made to overlay almost exactly between all four
events. Slight differences in the general level of the Ly spectra, however, are
apparent from event to event. The regional P spectra are slightly more vari-
able in both shape and level. Comparing first the two DM shots, which are
equal in magnitude (viz 5.3 my), the only real difference is a very slight
increase in the regional P-wave spectral level for the 06/06/87 event over the
11/23/88 event in the limited frequency band from about 2.0 to 5.0 Hz (cf. Fig-
ures 23 and 24). Comparing next the 06/06/87 DM event with the 03/12/87 SR
event (5.5 m,), we see that the L spectra match very closely in both shape
and level (cf. Figures 23 and 25) even though the teleseismic m,, magnitudes
are different by 0.2 magnitude units. In contrast, the regional P-wave spectrum
for the 03/12/87 SR event lies generally above that of the 06/06/87 DM event
with the greatest differences (up to a factor of three in amplitude) occurring in
the frequency range from 1.0 to 3.0 Hz. Finally, comparison of the 06/06/87
DM event with the 06/14/87 SR event (5.0 my) indicates that the regional P-
wave spectra match more closely in shape and level (cf. Figures 23 and 26),;
while the Lq spectrum for the smaller SR event lies somewhat below that of the




DM event over a limited frequency band from about 2.0 to 5.0 Hz. These
resuits again appear to be consistent with relatively greater excitation of
regional P signals at some frequencies from SR explosions which have the
same level of Ly excitation as DM explosions.

The latter observation shows up as a relatively subtle effect in the Ly/P
spectral ratios presented in Figures 23 to 26. Comparing first the L /P ratios
for the shots at common test sites, it is seen that the ratios match quite closely
over the entire frequency band presented. Comparisons of the Ly/P spectral
ratios between SR and DM events indicates that the SR spectra generally lie
slightly below the DM spectra at almost all frequencies. Figure 27 shows this
same comparison for the suite of 11 SR events and 8 DM events. The figure
presents the average L/P spectral ratios from these events along with + 1(c)
bounds on these mean values as a function of frequency. The L/P ratios are
observed to be nearly identical around 1 Hz and more separated at higher fre-
quencies with the SR average lying below the DM average. Over most of the
frequency band from 1 Hz to 8 Hz, the separation appears to hold at the + 1(c)
level, although just barely.

From these analyses we would conclude that SR sources tend to be rela-
tively more efficient in generating regional P than DM sources with equivalent
Ly signals. Above we suggested an explanation consistent with Nuttli's obser-
vation of larger teleseismic P from DM events might be preferential trapping of
P energy from the SR explosions in the crust and upper-mantle waveguide.
Alternatively, these observations of relatively larger L/P ratios from DM events
could also be interpreted as greater excitation of L, by the DM sources. The
latter might be caused by more efficient coupling between the L, crustal
waveguide at the DM source (in contrast to SR) and the transmission path
waveguide to WMQ. If such effects exist they have not been demonstrated,
and additional explanation of Nuttli's teleseismic P differences would be
required. Other explanations for these observations also exist and require
further study. We plan follow-on studies using the Soviet IRIS and other
regional stations to further resoive these differences between SR and DM.
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It should also be noted ihat the differences between SR and DM tend to
make the Ly/P spectral ratios for the DM events appear slightly more
earthquake-like (cf. Section Ilf above). However, it can be seen by comparing
the observations in Figure 27 with the discrimination results, presented above
in Fiaure 19, that there still appears to be good separation between the earth-
quake and explosion sampie above about 3 Hz. We, therefore, conclude that
test site differences like those between SR and DM are not sufficient to con-
found the discrimination differences seen in the L /P spectral ratios between
underground nuclear explosions and earthquakes.




V. Investigation of Path Effects on Regional Signals

5.1 Attenuation Measurements

As noted above, one argument against the effectiveness of empincally
denived discriminants, such as the Ly/P spectral ratios presented in Section I,
1S that they do not take into account the difterences in propagation path etfects
when sources are not co-located. The results we showed above for East
Kaszakh explosions compared the obsarvaed ratios to those from earthquakes,
which in some cases had similar ranges to WMQ, but whose epicenters were
located in many cases along the southern Soviet border (cf. Figure 3 above).
Therefore, the propagation paths to the station from underground nuclear tests
are frequantly quite different than those from the earthquakes used for com-
pansons.  In our analysis we attempted to compensate for these effects to
some degree by including earthquakes from a variety of locations so as not to
tias the rasult toward a particular propagation path from a single earthquake
wource area However, a clearly better approach would be to handle tha pro-
pagation effects more directly by making appropriate adjustments to the signal
or signal spectra from each source araa for attenuation differances  Develop-
mant of a better understanding of regional propagation eftects for paths of
mtarest in the Soviet Union is a major task. We have attempted to make some
progress on this problem during the past year by analyzing 1, attenyation for
paths 10 selected CHON and Soviet IRLS stations from the East Kazakh source
ragion  In the future it in anticipated that similar information can be developed
into a regionalized attenuation madel for the Soviet Union and surrounding
Aaraas of Furasi which canin turn be ased 1o correct regional phase spectra

for propagation offocts and identify cource relatod differonces

It clear that tegional phaso signals are affoctod by attenuation  In adds
hon to tha notmal ampltudo docrease ascocited with geometneal <preading,
the rogional phase sgnal Toses onorgy due to inhorant maduim abeorption and
Soattening by inhomogonodion m the waveginde  In dovaeloping the |,J magnt
toide aoalo Matth (19778 vsed an analytic axprossion tor geomatrical spreading

and an offoctive attonoabion tenm nduading both absorphon and <cattenng




effects, to determine the near-source amplitude level. According to this model
of the Ly, signal, propagating energy is dissipated in relation to the time it
spends in the medium, with the higher frequencies being preferentially
absorbed. Since tha time a number of methods have evolved for deriving the
effective Q, representative of attenuation, from observational data. Some of
these methods involve measurement of the coda decay (e.g. Aki and Chouet,
1975; Herrmann, 1980; Nuttli, 1981, 1986a,b) while others are based on obser-
vation of the behavior of the signal spectrum at one or more stations (e.g.
Chun et al., 1987; Baumgardt and Ziegler, 1988; Sereno et al., 1988). Infor-
mation on coda behavior, spectral content, and calibration everas can be used
to derive an effective Q, for the path from SR to WMQ. In the current study
we have used the Ly amplitude differences between WMQ and HIA and the
Soviet IRIS stations for common SR explosions to derive Q,'s for those paths
as well.

52 L, Attenuation for the Path to WMQ

In our initial analysis of Ly attenuation, we have focused on the path to
station WMQ from SR events. As noted above, a relatively large database of
strong L signals exists for this path. In a previous report Bennett et al. (1989)
noted that the RSTN station RSSD recorded strong Ly signals from NTS expio-
sions and that the general characteristics of the regional signals at WMQ and
RSSD appeared quite similar, even though the stations were located at some-
what different distances from the respective source areas, 960 km from SR to
WMQ and 1270 km from NTS to RSSD. To develop the effective attenuation
for the paths to these stations, we have compared the amplitude and spectral
characteristics of the Ly signals from explosions of equivalent yield at NTS and
SR to determine to what extent those characteristics can be attributed to
attenuation differences.

We first selected several, large magnitude events which were well-
recorded at each station. Vertical component records for these events are
shown in Figure 28. They include three SR explosions recorded at WMQ and
four NTS explosions recorded at RSSD. Table 5 summarizes the source infor-
mation on the seven events. To make the signal records more comparable
between the two stations, we removed the different instrument responses from




12/13/87 AMP (MAX) = 4C47

; 24/t AMP = 433
WMQ ) 04,/03/88 AMP {MAX) 4339
Events
e
100 sec
09/14/88 AMP (MAX) = 3035
3
3.0 Km/s 03/01/84 AMP (MAX) = 344
100 sec
05/31/84 AMP (MAX) = 254
RSSD
Events 05/02/85 AMP (MAX) = 243
12/05/85 AMPLMAX) = 278
*
o Km/'s
Fijure 28. Vertical-component records at WMQ and RSSD for
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tarea SR and four NTS explosions of approximatel-
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Table 5. Source Information for Similar
Yield Explosions at NTS and SR

Event Lat. Lon. M,

NTS 03/01/84 37.07 -116.05 5.9
05/31/84 37.10 -116.05 5.8
05/02/85 3725 -116.33 5.7
12/05/85 37.05 -116.05 5.7

SR 12/13/87  49.99 78.84 6.1
04/03/88 49.92 78.95 6.1
09/14/88 49.83 78.81 6.1
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the original records and reconvolved with the instrument response for the
short-period WWSSN station to produce the records in Figure 28. The approx-
imate beginning of the Ly windows is designated by the arrows at a group velo-
city of 3.6 km/sec.

As noted above in Section IV, Nuttli (1986a,b) estimated the teleseismic
m, bias for NTS to be -0.31 and for SR to be 0.036. Thus, equivalent-yield
explosions at NTS and SR would be expected to have m, values about 0.35
magnitude units larger for the SR explosions. In selecting the explosions in
Table 5 we attempted to pick events with approximately this magnitude
difference, so that the explosions at the two test sites are nearly equivalent in
yield. In particular, pairs of explosions of nearly equivalent yield from each test
site were identified and L spectra determined from the time histories recorded
at the respective stations. Figure 29 shows the Ly spectra for two such explo-
sion pairs (viz the 04/03/88 SR event paired with the 05/31/84 NTS event, on
the left, and the 09/14/88 SR event paired with the 05/02/85 NTS event, on the
right). The spectra plotted in the figure include the common WWSSN response
referred to above. The Ly spectra are observed to be fairly sharply peaked at
a frequency between 0.5 Hz and 1.0 Hz. The sharpness of the peak is to
some extent related to the WWSSN response; the broadband spectra
descrited above in Sections Il and lll had less exaggerated peaks. The spec-
tral shapes appear to be consistent with the expected behavior of increased
attenuation causing depletion of high-frequency energy at the more-distant sta-
tion. The Ly spectra at WMQ show a steady decline above the peak before
reaching an apparent noise floor at abcut 6 Hz. The L, spectra at RSSD
decline more rapidly above the peak and reach the apparent noise level at a
much lower frequency (viz about 3 Hz). L spectral ratios determined for the
two event pairs over a frequency band from 0 to 3 Hz are presented in Figure
30. The measured L, spectral ratios are remarkably consistent between the
two pairs. Ignoring the variations at very low frequencies, which may be
related to inaccurate response information, the L, spectral ratio (WMQ to
RSSD) shows a steady increase over the range from 0.2 to 3.0 Hz. A slight
tendency to roll-over and flatten-out toward the higher-frequency end is also
apparent.
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Figure 30.

WMGQ/RSSD SPECTRA
3@ T T T T T

—— Ratio (04,0:/88)/(05/31/84)
- - Ratio (09/14,/88)/(05/02/85) —

log amplitude

| { |
2 9 95 1@ S 2 0 2.5 3.8

frequency (hz)

) I 1

Lg spectral ratios WMQ/RSSD for event pairs
from Figure 29.
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in analyzing this observation it is assumed that the observed Lg spectrum
from an explosion source can be represented as

Alf) = Al) I(f) G(R) S(f) H(LR) (1)

where A, is the source function effect, | is the instrument response, G is
geometrical spreading, S is site response and H is path attenuation. Assuming
equivalent source functions, instrument response, and station effects, then the
spectral ratio of the Ly signals for the event pairs can be written as

A G(RY H( R
PO = R0 T GR) ol Ry @)

where
H{LR) = exp —gm = exp ‘O’”S‘ 3)
and
1 1
\ _,R .3 sin(R/111.1) £l 4
GR) = (10) [sm(mmm)} (4)
Thus,
G(R,) [ R R, ]‘(
= aX —th - (5)
) G(R,) P { Q, U, Q, U, ]y

So, the path Q functions can be used to predict the spectral ratios for the event
pairs.

In these analyses we took the common representation of Q as




Q=Q,f (6)

Studies of Ly attenuation in continental areas have typically found the fre-
quency exponent, ¢, to have values between 0.4 and 0.6 (e.g. Mitchell, 1990;
Sereno et al., 1988) In the present study we have not attempted to determine
the frequency dependence of Q but have instead assumed values in the
appropriate range. Therefore, we initially assumed, based on preliminary
analysis, that ¢ was 0.4 for the path from SR to ¥.MQ and 0.5 for the path
from NTS to RSSD. Using this as a constraint, we determined values of Q,
which would give the appropriate spectral ratios when applied in Equation 5.
Figure 31 shows the predicted spectral ratios for the explosion pairs under the
assumption that Q = 285 %4 for the path to WMQ and Q = 200 °° for the path
to RSSD. The agreement between the predicted and observed behavior for
the L, spectral ratio appears to be reasonable, but the estimates of Q could be
refined to provide even closer agreement. Furthermore, it should be noted
that, even though the observed Ly spectral ratios are reasonably matched by
predictions based on the path Q’s, these Q values do not produce L, magni-
tudes which would give the right teleseismic my, bias with respect to my(Lg). In
particular, these Q values give Ly magnitudes which are too large for both
paths.

The magnitude bias and the spectral ratio results can be made consistent
by adjusting the attenuation for both paths. We, therefore, proceeded under
the constraint that the Ly magnitudes measured from the records in Figure 28
should give the appropriate test site bias, as determined by Nuttli (1986a,b),
when compared to the reported teleseismic m,. The logarithms of the peak L
amplitudes measured from the records in Figure 28 were used in an inversion
scheme to determine the Q, values for each event which would give L, magni-
tudes that provided the correct test site bias (viz m, - my(Lg) = -0.31 for NTS
and m, - My(Ly) = 0.036 for SR). For the three SR events recorded at WMQ in
Table 5, we determined Q, to be 452 with o = 34. The four NTS events
recorded at RSSD (cf. Table 5) gave a Q, of 239 with ¢ = 5. The relatively
small ¢ values suggest that the bias differences were quite consistent between
events recorded at these stations.
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As a final check on these effective Q values for the paths SR/WMQ and
NTS/RSSD, we reassessed the Ly spectral ratio for the comparable-yield
explosions. For the SR/WMQ path we used Q = 452 95 and for the
NTS/RSSD path we used Q = 239 5. Equation 5 above was again used to
predict the spectral ratios. It can be seen in Figure 32, that these attenuation
models do an excellent job of predicting the observed ratios. It's possible that
attenuation models with different frequency dependence might also do a rea-
sonable job of fitting these observations. However, we would expect that only
minor variations for the Q,'s can be permitted to simultaneously satisfy the test
site bias constraints. A more thorough analysis of the sensitivity of the
attenuation estimates 1o these measurements would be useful.

5.3 Attenuation for Paths to Other Regional Stations

As pointed out above in Section Il, strong L, signals have been recorded
at a regional network of stations from East Kazakh explosions. In this section
we will determine the relative amplitudes of these L signals between stations
and use *hese observations to estimate effective Q, values for the paths from
SR to the various stations. We start with Nuttii’s definition of the Ly magnitude:

mb(ly) = log A(10km) + 2.96 7)

where

1 1
_ AR.3 | sin(R111.1) |7 nf(R-10)
Al10km) = AR) (7 [sin(10/111.1)] P U ®)

where A(R) is the Ly ground motion amplitude in pm measured on a WWSSN
shont-period, vertical-component instrument. The Ly magnitude difference
between two stations recording the same event should, in the absence of
measurements errors, be zero. So, we can write

Amy(Ly) = 0 (9)

o e (g - 32
_Amb(Lg)+log\(expfrf<U1Q1 - U2Q2>’
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where

A’ | A(Ry) 1 | R, 1 | sin(Ry/111.1) 10
Melte) =109 ZRy T3 OR, 29 @iy
Then
<R2-10 R1—10>I C Am .
U2 OZ U1 Q1 Oge T b\Lg) ( )
and
T,Q,nfloge
Q, = 2 My g (12)

Tynfloge + Q; Amy(Lg)

where T = R/U and R>>10. In these analyses the L, amplitude measurements
were made from a seismogram which had been converted to WWSSN
response, so we assumed that f = 1 Hz and that the Q; and Q, values then
correspond to Qg's for the station involved. Since we had some prior
knowledge of the attenuation to station WMQ (based on the analyses
presented in the preceding section) and a iarge amount of data recorded there,
it was used as the reference station. Ly magnitude residuals relative to WMQ
were then analyzed for the Soviet IRIS stations (viz GAR, ARU, OBN, and KIV)
and for the other useful CDSN station (viz HiA) to determine the respective Q,
values for these paths from SR events.

The first step in this process was {» convert all instrument responses to an
equivalent WWSSN short-period instrument. To accomplish this the individual
station responses were deconvolved from the observed records and the output
reconvolved with a standard WWSSN response. Figures 33 and 34 illustrate
the application of this process to the WMQ and ATU records for two SR explo-
sions. For both stations the conversion process is seen to basically remove
some of the lower-frequency energy in the records. In particular, this greatly
reduces the low-frequency microseismic noise (enhancing the apparent signal-
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to-noise) and also reduces the low-frequency surface waves.

We next measured the sustained Ly amplitudes using the procedures
described by Nuttli (1973; 1986a,b) and computed the residuals (i.e. Amy'(Lg)
for the common events. Table 6 summarizes the data that were analyzed in
this way. The residuals for each event/station path were converted to esti-
mates of Q, for these paths using the relationship in equation 12. The average
Q, values for the paths are shown in Figure 35. The values range from a low-
Q path value of 428 to station GAR up to a high-Q path of 761 to OBN. The
Q, value of 580 determined for the path to KIV s surprisingly large considering
the low L, signal level normally observed there and probably represents a max-
imum estimate. For comparison we show in Figure 36 Q, values derived by
Nuttli for paths to Eurasian WWGSSN stations from East Kazakh test site
events. The Qg values determined in the present study are quite consistent
with Nuttli's values for similar paths. They also agree generally with Q values
recently reported by Xie and Mitcheli (1990) based on spectral studies of L for
central Asian paths from explosions and earthquakes. In particular, we find
relatively low Q's to the south of the test site consistent with high attenuation of
Lg in the complex tectonic region of the southern Soviet border. On the other
hand, Q’s for the northwestern paths are high corresponding to low attenuation
of Ly in the stable continental platform area of the Soviet interior. The largest
uncertainties on the Q, values estimated from the Ly magnitude residuals are
associated with station ARU and OBN. We would expect some refinement of
these estimates as additional data become available. We also plan to more
fully investigate the frequency dependence of Q over the rather limited band of
frequencies which these data will permit.




Table 6. Q, Estimates Derived From Measured
Lg Magnitude Residuals

Date WMQ HIA ARU GAR OBN KIV
09/14/88 452 559 707 433 818 571
10/18/88 452 - 641 410 - -
11/12/88 452 - 675 451 - -
12/17/88 452 577 645 - 734 -
02/12/89 452 560 577 - - -
02/17/89 452 - 507 417 - -
07/08/89 452 575 604 428 731 589
452"  568+10 622166 428+16 761+49 580+13

* The Q, value at the reference station WMQ was fixed at 452
based on previous analyses.




Figure 35. Path Qg values to IRIS and CDSN stations derived from
Lg magnitude residuals.




TEST SITE /

Figure 36. Qo values determined by Nuttli (1986b) for paths
from SR to WWSSN stations,
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VI. Summary and Conclusions

6.1 Summary of Research Program

The research described here represents the first year's effort of a three
year program designed to evaluate the capability of regional seismic stations to
discriminate underground nuclear explosions from earthquakes and non-
nuclear explosions. This effort to date has focused on investigation of the
regional signais recorded at CDSN and Soviet IRIS stations. These two
sources of data have become available only within the last few years and an
experience base needs to be developed in order to understand their capability
for monitoring seismic events within the Soviet Union.

The overall objective of this research program is to systematically evaluate
a wide variety of regional discriminant measures, to identify the reliability of
those discriminants for application to events in the Soviet Union, and ultimately
to formulate a winnowing procedure utilizing those regional discriminants which
can be used to identify Soviet events. In prior investigations we have applied a
range of regional signal measurements, which included new as well as previ-
ously proposed discriminant measures, to the available regional phase signals
from seismic events in tectonic environments including the Soviet Union, tae
western U. S. and eastern North America. These measurements included time
domain phase amplitude comparisons and spectral differences for events in
each of the tectonic environments. The resuits of these studies have sug-
gested that a number of such regional measurements may be useful in distin-
guishing undergound nuclear explosions from other seismic events including
earthquakes and non-nuclear blasts. However, it is only recently that suitable
regional data from a large sample of Soviet explosions and nearby regional
earthquakes have become available to permit testing of those procedures on a
relevant database.

Therefore, durng this first year, we have directed efforts at expanding the
database of events from the Soviet Union and comparable events from nearby
border regions. This database currently includes 28 East Kazakh underground
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nuclear expiosions and 32 regional earthquakes recorded at CODSN stations
(primarily at station WMQ). In addition, the database of Soviet events includes
nine East Kazakh explosions recorded at the Soviet IRIS stations, and we are
in the process ot recovering a comparable sampie of regional earthquakes
recorded at these same stations. Additional regiohal recordings of Soviet
underground nuclear explosions obtained from these stations are also being
incorporated into the database as they become available.

We have performed several analyses on these regional recordings con-
centrating primarily on determining the detection capability of the stations and
the amplitude and spectral characteristics of the Ly and regional P signals.
Comparisons of Ly versus regional P signal levels have been analyzed for
differences related to source type. The latter included investigation of fre-
quency dependence in the relative excitation of Ly and regional P from the
explosion and earthquake sources. We also studied differences in the relative
excitation of Lg and regional P signals between the two principal explosion test
areas at East Kazakh: Shagan River and Degelen Mountain.

Finally, we made some preliminary investigations of the effects of propa-
gation path differences on regional signals which could eventually be usetul for
making appropriate adjustments to regional phase measurements in discrimina-
tion analyses. In particular, since co-located earthquake and explosion
sources do not always exist, propagation paths to regional monitoring stations
from explosions and comparable earthquake sources may be different. To get
at source-dependent excitation differences more directly, signal measurements
should be compensated for attenuation differences. In the current study we
performed analyses to determine the extent to which Ly signal differences at
the available CDSN and Soviet IRIS stations could be explained by attenuation
ditferences for the propagation paths to the stations from common events. The
Ly signal differences from such common events were used to derive effective
Q values representative of the various propagation paths.

6.2 Conclusions

The studies described in this report have revealed many interesting
characteristics of the behavior of regional signals from Soviet explosions and
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comparable earthquakes. in particular, the larger database of events recorded
at station WMQ, which was analyzed in this study, again showed that LyP
ratios for regional earthquakes were relatively enriched at high frequencies
compared to similar explosions. These L/P ratios were found to be intermin-
gled at frequencies near 1 Hz but completely separated above 2 Hz for SR
explosions and regional earthquakes. This observation continues to have the
potential for becoming a valuable discriminant, but effects of propagation path
differences between events with different source types need further study.

Another interesting conclusicn, based on analyses of WMQ recordings of
SR and DM explosions, was that the regional P signals from SR explosions are
relatively stronger than from DM explosions with similar Ly signals. This
appears to be opposite of Nuttli's finding based on comparison of teleseismic P
from the two source areas. Spectral analyses of the WMQ signals from SR
and DM explosions indicated a tendency for the DM explosions to have some-
what larger Ly/P ratios at higher frequencies, which would make them appear
more earthquake-like. However, this effect was relatively small compared to
the differences between explosion and earthquake spectral ratios determined in
the discrimination studies. Therefore, it does not severely limit the discrimina-
tion potential of such measurements.

An issue which will require considerable study before discrimination resulis
can be extrapolated into uncalibrated areas is the effect of propagation path
differences and attenuation on the regional discriminant measurements. It has
been argued that this might be a contributing factor to the L/P ratio differences
between explosions and earthquakes observed at WMQ, which were described
above. To better understand these effects, we derived Q values representative
of Ly attenuation for the path from East Kazakh to WMQ and the other iegional
stations. For the path to WMQ we found a Q, value of 452 representing
effective Ly attenuation. Q, values to the other stations derived frcm Ly magni-
tude residuals for common events ranged from a low value of 428 for IRIS sta-
tion GAR to a high value of 761 for IRIS station OBN. It is envisioned that
observations like these may eventually be useful in adjusting discriminant
measurements for propagation differences.
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In addition, some other observations made during the course of this study
seem noteworthy. We found, in general, that East Kazakh explosions and
regional earthquakes frequently produced strong Ly signals which were
recorded at CDSN and Soviet IRIS stations out to ranges in excess of 2000
km. For the triggered CDSN stations, the most complete sample of data was
available from the station WMQ nearest the East Kazakh test site which has
recorded explosion signals to magnitudes as low as 4.8 m,. P-wave signals at
WMQ from East Kazakh explosions were seen to be quite complex. Spectral
analyses of these regional P signals revealed that selection of the window
length appeared to produce some small effects on computed spectra, primarily
at lower frequencies. Long windows encompassing all P energy produced
spectra which were somewhat larger than the corresponding spectral levels
obtained for short windows including only the initial P. As a result, L,/P spec-
tral ratios obtained using the short windows tended to be lower and somewhat
more earthquake-like than ratios based on the longer P-wave windows. Possi-
ble causes for this observation need additional study. CDSN station HIA at a
range of more than 2900 km from the test site also recorded strong L, signais
from many of the larger East Kazakh explosions. However, the useful fre-
quency band of these signals was found to be limited to rather low frequencies.
Untortunately, other CDSN stations have not recorded useful Ly signals from
Soviet explosions apparently because their normal trigger level is set higher
than the amplitudes generated by the signals at these ranges.

Much of our analysis of the Soviet IRIS station data is preliminary at this
time since we are still developing the earthquake database. However, we have
found that stations ARU and GAR frequently record strong Ly and regional P
signals from East Kazakh explosions down to fairly low magnitudes. Spectral
analysis of these signals indicates that the maximum signal-to-noise level for
these events is in a nassband near | Hz. In fact, we found that, by band-pass
filtering the ARU records in a frequency band from 0.8 to 1.6 Hz, [ signal lev-
els could be enhanced to three times the noise level for a SR explosion with a
magnitude of only atuut 3.8 m,,. Similar enhancement also is attainable for L
signals recorded at IRIS station GAR. However, at the more distant Soviet
IRIS stations, the L, signals from East Kazakh explosions have spectral peaks
at frequencies less than 1 Hz and drop off rapidly to the noise level at higher
frequencies. As a result, it appears th.t staticns cons:derably closer than OBN




and KIV will probably be required to obtain L, signals at frequencies above 1
Hz. This may impede some types of regional discriminant measures which
require broadband spectral estimates of signal strength.
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